Three-dimensional structure of the extended solar magnetic field and the sunspot cycle variation in cosmic ray intensity by Wilcox, J. M. & Svalgaard, L.
General Disclaimer 
One or more of the Following Statements may affect this Document 
 
 This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 
 
 This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 
 
 This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 
 
 This document is paginated as submitted by the original source. 
 
 Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 
 
 
 
 
 
 
 
Produced by the NASA Center for Aerospace Information (CASI) 
https://ntrs.nasa.gov/search.jsp?R=19770005013 2020-03-22T11:53:49+00:00Z
1!
A
x
U.S. DEPARTMENT OF COMMERCE
Nat"I fechniul Information Service
AD-A024 604
THREE-DIMENSIONAL_ STRUCTURE OF THE EXTENDED SOLAR
MAf:NFTII- GTCI T) AW) TWi CIIAICD()T f Vrl F VADIATMN TN

fUNCLASSIFIED
mr r^m^TV r, Acc1c1rAT1nn , nF TNIG PAGF (When hate Fnterad)
REPORT D(WUMENTATION PAGE ^
READ 7NSTR(/C
BEORf COMPLETING
NG F
FORM
I...—IREPORT NUMBER 7 GOV T ACCESSION .40 3	 RECIPIENT'S CATALOG NUMBER
SUIPR Report No.
	 $62
1
4 TITLE
	
land Subt,tle) 5. TYPE OF REPORT 6 PERIOD CO%ERED
Three-Dimen p :onal Structure of the Extended Solar Scientific; technical I
Magnetite Field and the Sunspot Cycle Variation In
Cosmic Ray Intensity.
6 PERFORMING ORG REPORT NUMB t R
7 AUTHOR(sI
8 CONTRACT OR GRANT NUMBF RIS)
Leif Svalgaard and John	 M. Wilcox N0001 4 -7F-C -0207
9 PERFORMING ORGANIZr.TION NAME AND ADDRESS 10 PROGRAM ELEMEN T 	PRn IECT	 +ASK
Institute for Plasma Research AREA& WORK UN•T NUMBERS
Stanford University
Stanford, California 	 94305
..P4GES17	 REPORT DATE
_
	13 NO	 J07
March 197611 CONTROLLING OFFICE NAME AND ADDRE +S
Office of Naval Research 15	 SECUR I TY CLASS	 (of th,t	 epo
Electronic Program Office
Arlington, Virginia	 22217 UNCLASSIFIFD
144 MONITORING A. ENCY NAME d ADDRESS 01 d , H	 from Contro l hnj Officel
15a	 DECLASSIFICsTIOP4,DO'1VNGnADING
SCHEDULE
16 DISTRIBUTION STA T EMENT lo t th-s rwpoltl
This document has been approved for public release and sale;
its distribution is unlimited.
1 7 DISTRIBUTION STATEMENT (of the abstract entered in Block	 20. if dltteren; from report)
18 SUPPLEMENTARY NOTES
TECH; OTHER
----- --19 KEY WORDS 'Continue on reverse side	 + necessery and	 d*nt,fv by blcrk numbw)
Cosmic rays
Solar magnetic field
Interplanetary magnetic field
20 ABSTRACT IContlnue on reverse s,de if necaswry and	 danllfY by Klock nu.Tber)
A principal causes for the
	 eleven-year sunspot cycle variation in
the primary cosmic ray intensity observed at earth may be a •tariation in the
solid angle of the heliosphere occupied by the extended solar polar magnetic
fields.	 We assume that galactic cosmic rays have relatively easy access to
the inner solar system through the regular extended solar polar fields, and
relatively r:ifficult access through the irregular extended solar sector
structure fields.
DD 1 JAN'N 31473	 UNCLASSIFIED
EDITION OF i NOV 65 IS OBSOLETE 	 SECURITY CLASSIFICATION OF TMIs PAGE (When Da+e Entered)
fi
THREE-DIIKENSIONAL STRUCTURE OF THE EXTENDED SOLAR MAGNETIC FIELD
AND THE SUNSPOT CYCLE VARIATION IN COSMIC RAY INTENSITY
by
Leif Svr.lgaard
and
t.
John M. Wilcox
Office of Naval Research
Contract N00014-76-C-0207
National Aeronautics and Space AdminAstratlon
Grant NGR 05-020-559
National Science Foundation
Grant ATM74-19007
Grant DES75-15664
and
The Max C. Fle.ischmann Foundation
SUIPR Report No. 662
March 1976
r.
	
IIS':S
	
--
Institute for Plasma Research
	
pr•^	 i
Stanford University
	 : t;
Stanford, California	 f ; ,	 „r
Submitted to:
	
Nature	 s ,, 
^.r
'^	 I
^	 i
rNature
Three-Dimensional Structure of the Extended Solar Magnet i c Field
and the Sunspot Cycle Variation in Cosmic Ray Intensity
by
Leil Svalgaard
John Ni. Wilcox
Institute for Plasma Research
Stanford University
Stanford, California
'rhe interplanetary magnetic field within several astronomical
units of the sun appears to have one polarity in most of the hemisphere
north of the solar equatorial plane and the opposite polarity in most of
1-7
the hemisphere south of the equatorial plane. The two hemispheres are
separated by a curved current sheet that typically crosses the solar
equatorial plane in either two or four places, thus dividing the ec.untorial
region into either two or four sectors. Near sunspot minimum, at one
astronomical unit the extent in latitude of the curved current sheet is
typically s 15 , so that the sector boundary (the current sheet separating
the two hemispheres of opposed field polarity) is almost parallel to the
solar equatorial plane. In the photosphere, on the other hand, the sector
boundary makes an angle of approximately 90  with the equatorial plane.H
At 1.5 solar radii, in 1972 and 1973, the angle between the sector boundary
and the equatorial plane was approximately 450, 
9
and at 3 to 10 solar radii
0 10
the angle between boundary and plane was approximately 25.
	 A schematic
of this structure for the case of four sectors is shown in Figure I..
In the photosphere, near sunspot minimum, the sector magnetic fields
cover a range in latitude of typically t 400, 8 while at one astronomical
unit the comparable range in latitude has been compressed to perhaps 215 0.
How is this compression in latitude accomplished? A typical nag-iitude of
the sector magnetic fields in the photosphere is 0.5 gauss (P.H. Scherrer and
T.L. Duvall, personal communication). This is a measure of the large-scale
field tt.at will dominate in the region a few solar radii above the photosphere,
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where the smaller-scale but much stronger fields associated with active
regions do not reach. In the polar regions of the sun the large-scale
uni-directed photospheric field has a typical magnitude of perhaps 5 gauss
(H. Howard, personal communication). Thus, at one or two solar radii above
the photosphere, and above the :egfon of influence of active regions, the
magnetic pressure associated with the solar polar regions is two orders of
magnitude larger than the magnetic pressure associated with the equatorial
sector structure. This will compress the equatorial sector field structure
-.du into a narrow range of latitudes. This effect can be clearly seen in the
sketch in Figure 2 made from an eclipse photograph taken at solar minimum
in 1954.11
During an interval near unspot maximum, when the solar polar field
polarities are reversing, the magnitude c- the polar fields may be considerably
A	 less, and the resulting compression of the equatorial field structure also
much less. The sector structure fields may then occupy a much larger fraction
of the heliosphere. Sine the sector structure fields reverse polarity typically
four times or two ti.,ws per solar rotation, a galactic cosmic ray headed toward
the sun may encounter considerably more magnetic scattering from the complex
sector structure field than from the uni-directional field that fills most of
each solar hemisphere near sunspot minimum. This geometrical effect may be
the principal cause of the eleven-year modulation of cosmic ray intensity obser-
ved at earth, since the solar wind velocity 12 and the.magnitune of the inter-
planetary field 13 observed near earth have no'.- changed very much during the
present sunspot cycle.
The fraction of the heliosphere occupied by sector structure fields
as a function of time through an average sunspot cycle can be estimated in
the following way. Because the current sheet shown in figure 1 is warped
with respect to the solar equatorial plane, during the half-year when the
earth is north of the equatorial plane an interplanetary sector with the
same polarity as the northern solar polar region is observed to be wider
than it would be if observed when the earth is in the equatorial plane of
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the sun. For example, assume that there are two sectors per solar rotation
and that the extent in heliographic latitude of the sector structure near
the earth is t 20 0 , when the earth is at a latitude near 7 0h (i.e. near
September 7), the sector whose polarity is the same as the northern polar
region will be observed to last 16.5 days, as compared with the 13.5 days
it would last if observed when the ear O is near the solar equatorial plane
For comparison, if the extent in heliographic latitude of the sector structure
near the earth is 2 45 0 , then the sector with the same polarity
as the northern polar region will have a length of 14.6 days when observed
near the earth at 7 0 north. We see that if we measure the magnitude of this
Coleman effect14,15  Resenb,•rR-	 through a sunspot cycle we can estimate the extent
in heliographic latitude of the sector structure.
We have used a harmonic analysis to compute the average amplitude
of the Rosenberg-Coleman effect as a function of years from the time of
sunspot minimum for the four sunspot cycles whose minima were near 1934,
1944, 1954 and 1965. Interplanetary field polarities inferred from polar geo-
magnetic variations i were used, and the resulting amplitude of the Rosenberg-
Coleman effect was multiplied by 1.43 to correct for the approximately 857
accuracy 7 ' 18 of the inferred interplanetary field polarities.
Figure 3 shows the resulting value for the extent in heliographic
latitude of the sector structure through an average sunspot cycle. Three-
year running means were used to reduce the scatter. Year 0 is the average
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of the sunspot minimum years 1934, 1944, 1954 and 1965. The effect of un-
certainties in the computation of the magnitude of the Rosenberg-Coleman
effect will usually be to decrease the amplitude of the effect and, therefore,
the latitude values shown in Figure 3 should be conuidered upper limits. We may
expect considerable variation from the average effect shown in Figure 3, and in
particular for intervals of several months near sunspot minimum the current sheet
may occupy only a few degrees of latitude. As a first approximation to the sun-
spot cycle variation of cosmic ray intensity observed at earth resulting from
the varying geometry described by Figure 3 ) we may consider that galactic
cosmic rays	 have r•_Iativeiy difficult access to the inner solar system in
tt- purtiort of the he.iosphere occupied by the changing fields of the sector
structure and relatively easy access through the portions of the heliosphere
3
occupied by the extended solar polar fields. In Figure 4 we show the
solid angle of the heliosphere occupied by the extended solar polar fields
through an average sunspot cycle, where the latitude angles shown in Figure
are used to compute the solid angles shown in Figure 4.
r
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Also shown in Figure 4 are the monthly :averages of the absolute
intensity of primary cosmic rays of rigidity greater than 0.5 GV obeerdac'
near Murmansk and at blirny from 1958 to 1973. 19 The total flux of such
galactic cosmic rays in the interstellar medium in the vicinity of the
earth is estimated to be 4000 m-2 sec-1
 st.er-1 19 Therefore, in Figure 4
we have set the total solid angle 4*r of the heliosphere as equivalent to a
flux of 4000 m	 sec
-1
 ster- , and the zero of the solid angle scale cor-
responds to zero flux. This corresponds to the assumption that galactic
cosmic rays have easy access to the inner solar system through the solid
angle of the heliosphere occupied by the extended solar polar fields, and
difficult access through the solid angle occupied by the sector structure
fields.
In Figure 4 we see that the average sunspot cycle variation of the
solid angle of the extended solar polar fields is rather similar to the
observed variation of the flux of primary cosmic rays of rigidity greater
than 0.5 GV during 1961. to 1969. We should not expect a detailed agreement
between the computed variation of solid angle avera_ed over four sunspot
cycles and the observed cosmic ray flux around a single sunspot minimum.
The similarity of the two curves in Figure 4 suggests that there may be
some validity to the considerations advanced in this paper. The detailed
computation of the diffusion lengths of cosmic raysrelated to these con-
siderations is beyond the scope of this paper.
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Figure Captions
Figure 1	 Schematic showing the warped current sheet in the inner
solar system. (inside 6 AU). This current sheet divides the
interplanetary magnetic field in the heliosphere into two
regions with oppositely directed field lines. In one region
the field polarity is away from the sun (at present tnis
region is north of the solar equator), in the other region
the field polarity is toward the sun. The situation is shown
for a four-sector structure, i.e. as the current sheet i
rotated past a stationary observer in the course of a solar
rotation, the observer will see four charges of magnetic
polarity, suggesting that the interplanetary magnetic field
is divided into four sectors of alternating polarity. Where the
current sheet lies above the solar equatorial plane ;t is shown by
full lines, while dashed lines indicate that the current
sheet is belcw the equatorial plane. The extent in latitude
of the current sheet was assumed to be ± 15 0 . The sun at
the center is not shown to scale.
Figure 2 The structure of a sunspot minimum solar corona. drawn from
11
eclipse photographs (30 June 195^ -ibtained it Nozeletsk.
Figure 3 Computed variation of the average extent in heliographic
latitude of the extended solar sector magnetic fields. Year 0
is the average of the sunspot minimur,: years 1934, 1944, 1954
and 1965. The value 20 0 on thQ ordinate means that the extended
sector fields are in the interval 20 017 to 200S, etc.
Figure 4 Galactic cosmic
near Murmask and
computed average
extended solar p
ray intensities with rigity 0.5 GV observed
at Mirny from 1958 to 19731 2
 Also shown is the
solid angle of the heliosphere occupied by the
alar magnetic fields.
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